Repetitive saccades benefit memory when executed before retrieval, with greatest effects for 33 episodic memory in consistent-handers . Questions remain including how saccades affect scene  34  memory, an important visual component of episodic memory. The present study tested how  35 repetitive saccades affect working and recognition memory for novel scenes. Handedness 36 direction (left-right) and degree (strong/consistent vs. mixed/inconsistent) was measured by raw 37 and absolute laterality quotients respectively from an 8-question handedness inventory 38 completed by 111 adults. Each then performed either 30 seconds of repetitive horizontal 39 saccades or fixation before or after tasks of scene working memory and scene recognition. 40
Introduction 58 59
Saccade Induced Retrieval Enhancement 60 61
As few as thirty seconds of horizontal bilateral saccadic eye movements before testing 62 selectively enhances explicit memory, most notably episodic memory retrieval for laboratory and 63 everyday events. (Christman et al. 2003 ). This has been termed saccade induced retrieval 64 enhancement (SIRE). The benefits of SIRE appear to be somewhat specific and have been 65 reported to impair the encoding but enhance the retrieval of episodic memories (Christman & 66 Butler 2005). One hypothesis is that horizontal eye movements enhance interhemispheric 67 interaction, which is associated with superior episodic memory (Christman & Propper 2001) . 68
Increased interhemispheric interaction has also been related to decreased false memories in a 69 semantic associates paradigm (Christman et al. 2004) . 70
Bilateral eye movements also appear to enhance some types of recognition memory. 71
Subjects who made bilateral eye movements were more likely to correctly recognize previously 72 presented words, but less likely to falsely recognize critical non-studied associates (Parker & 73 Dagnall 2007). Parker et al conducted multiple experiments in a study investigating effects of 74 bilateral saccadic eye movements on item, associative, and contextual information. In tests of 75 item recognition they found bilateral vertical eye movements versus no eye movements enhanced 76 item recognition by increasing hit rate and decreasing false alarms; an additional remember-77 know analysis showed eye movements increased "remember" responses ). For 78 associative recognition, they found bilateral eye movements increased correct responses to intact 79 pairs and decreased false alarms to rearranged pairs ). Bilateral eye 80 movements also increased correct recall for both intrinsic (color) and extrinsic (spatial location) 81
context ).
More recently, the horizontal SIRE effect has been extended beyond the visual domain in 83 a study that showed retrieval enhancement in the somatosensory system after alternating left-84 right tactile stimulation (Nieuwenhuis et al. 2013) . In what appears to be the only study of the 85 effects of horizontal saccadic eye movements on the retrieval of landmark shape and location 86 information, increased recognition sensitivity and decreased response times were reported in a 87 spatial memory test with effects only seen when eye movements preceded episodic memory 88 retrieval, but not when they preceded encoding (Brunye et al. 2009 ). Furthermore, these same 89 authors found that the eye movements were only beneficial when old-new recognition was 90 compared to forced-choice recognition, with the former purportedly depending on right-left 91 hemisphere interaction. 92
Despite the significant clinical and applied implications for the effects of bilateral 93 saccades (Lyle & Jacobs 2010; Propper & Christman 2008; Stickgold 2002) , there are only a few 94 studies employing neuroscientific methods to measure brain-based correlates of bilateral 95 saccades. Bilateral eye movements have been reported to have significant effects on 96 interhemispheric coherence in the gamma band as measured by EEG ). But a 97 more recent EEG study found scant evidence that eye movements altered interhemispheric 98 coherence or that improvements in recall were correlated with changes in coherence (Samara et 99 al. 2011) . 100
SIRE and Handedness 102
A growing literature documents that SIRE is modulated by handedness. A study of both 103 recall and recognition with strongly right-handed (SR) and non-strongly right handed (nSR) 104 subjects found that eye movements largely benefited the former while it was shown to be somewhat detrimental to the latter (Lyle et al. 2008a ). This finding was initially interpreted to 106 support the hemispheric interaction hypothesis. Better memory without eye movements is 107 thought to exist in nSR individuals because nSR handedness is thought to be a behavioral marker 108 for greater interhemispheric interaction. Consistent with this idea, middle-age nSR subjects 109 perform better on tasks like paired associate recall and source memory, which likely depend on 110 hemispheric interaction, compared to tasks like face recognition and forward digit span which 111 depend less on hemispheric interaction (Lyle et al. 2008b ). For example one study (Lyle & 112 Orsborn 2011) required subjects to classify faces as famous or novel with face presentation 113 occurring in the left and right visual fields simultaneously (bilaterally) or in one field only 114 (unilaterally). Famous faces were classified more quickly and accurately during bilateral 115 presentation, reflecting that interhemispheric interaction facilitates famous face recognition, but 116 neither inconsistent handedness nor saccades increased the size of bilateral gain. 117
Strong right-handedness, which is argued to be associated with decreased 118 interhemispheric interaction, was associated with higher rates of false memories while bilateral 119 saccades were associated with fewer false memories. Other evidence suggests that mixed-120 handers display better episodic memory in comparison with strong right-handers on assessments 121 of explicit word recall and recall of real world events, but when corrected scores are analyzed 122 handedness does not influence implicit word fragment completion (Propper et al. 2005 ). Mixed-123 handedness and bilateral saccadic eye movements have also both been associated with an earlier 124 offset of childhood amnesia and support the idea that interhemispheric interaction exerts effects 125 on retrieval but not encoding of episodic memories. Mixed-handed subjects also demonstrate 126 greater autobiographical recollection on components of seeing hearing and emotion compared to right-handed individuals, and 30 sec of bilateral eye movements induce greater levels of 128 autobiographical recollection across a range of components (Parker & Dagnall 2010) . 129 130
From Interhemispheric Interaction to Top Down Control 131
A recent experiment in which subjects were shown arrays of lateralized letters and were 132 asked whether target letters matched either of two probe letters, saccades were reported to 133 enhance retrieval by increasing interaction among brain hemispheres. (Lyle & Martin 2010) . 134
Matching targets and probes were presented to either the same hemisphere or to separate 135 hemispheres. Interhemispheric interaction was required on the across-hemisphere trials and 136 intrahemispheric processing was required on the same hemisphere trials. Increased match 137 detection accuracy was found on the within-hemisphere trials suggesting saccades enhance 138 intrahemispheric processing but not interhemispheric interaction. The nSR subjects showed 139 higher across-hemisphere accuracy suggesting that an absence of strong right-handedness may 140 reflect greater interhemispheric interaction. A recent comparison of consistent and inconsistent 141 left-and right-handers on associative memory tests after saccade or no-saccade conditions 142 showed that saccades enhanced retrieval for consistent-handers only, but impaired retrieval for 143 inconsistent-handers ). This important study established that handedness 144 consistency, regardless of left or right direction, is an important factor to consider when studying 145 memory. 146
Given the lack of convincing support for the idea that interhemispheric interaction 147 underlies the bilateral saccade effects, more recent work has focused on the idea that saccade 148 execution enhances cognition by altering attentional control. In one study, performance on the 149 well-established revised attentional network test (Fan et al. 2009 ) was assessed after either repetitive bilateral saccades or central fixation (Edlin & Lyle 2013) . Saccade execution increased 151 the executive function network, which encompasses attentional control, by decreasing response 152 times to target stimuli in presence of response-incongruent flankers. In this study, the saccade-153 induced enhancement of attentional control occurred independently of handedness consistency. 154
This raises the possibility that there could be a larger role for top-down attention when memories 155 are more difficult to access, and recent results support that saccade execution has a greater 156 facilitative effect on retrieval when recall and recognition are more difficult . 157 158
Outstanding Questions and Current Objectives 159
There remain several questions about the behavioral effects of repetitive saccades that 160
have not yet been explored. The first is how do repetitive saccades affect memory for complex 161 novel visual stimuli? The second involves how saccades affect stages of memory processing 162 other than retrieval. Most previous investigations have had subjects perform bilateral saccades 163 after encoding but before retrieval. It is not well understood how bilateral saccades affect the 164 encoding of complex novel visual stimuli, nor is it understood how these effects are modulated 165 by handedness. Understanding whether eye movements and handedness influence working 166 memory or long-term recognition memory or both is also relevant to a decades-long theoretical 167 debate concerning potential relationships between working memory and long-term memory. 168 "Buffer" accounts (e.g., Baddeley's multi-component model) argue for a central executive 169 coordinating separate phonological and visuo-spatial short-term stores that are separate from 170 long-term memory (Baddeley 2003) , while the hierarchically arranged embedded process 171 account argues working memory is a subset of activated memory in the focus of attention and the 172 subset of long-term memory that is currently activated (Cowan 1999) . To address these questions, we conducted an exploratory study of the effects of repetitive bilateral saccades and 174 handedness on scene memory. We utilized a variant of the well-known Sternberg working 175 memory paradigm (Sternberg 1966) in which during a series of trials five pre-experimentally 176 novel scenes are presented and held online during a short 6 sec delay period. After a 10-minute 177 period of awake rest, we tested subjects' long-term recognition memory for scenes previously 178 maintained in short-term working memory. We have shown previously that subjects perform this 179 type of working memory task with scenes as stimuli and can recognize far above chance dozens 180 of scenes shown during the working memory task after a long-term retention interval (Ellmore et 181 al. 2015) . Recent source analysis of scalp EEG acquired with this task has implicated a right 182 hemisphere parieto-occipital region that is active when maintaining scenes in working memory, 183 with temporal-spectral delay activity that correlates with subsequent probe memory retrieval 184 (Ellmore et al. 2017) . 185
The specific objective of the present study was to test alternative hypotheses that making 186 repetitive saccades before or after encoding novel scenes in working memory would have either 187 beneficial or detrimental effects on subsequent memory as a function of handedness. A between-188 subjects design was employed that allowed us to test 1) whether making repetitive saccades 189 before working memory encoding modulates subsequent working and long-term memory 190 retrieval as a function of handedness and 2) whether making repetitive saccades after working 191 memory encoding and before recognition modulates subsequent long-term recognition as a 192 function of handedness. The target sample size of over 100 subjects was determined based on similar sample sizes 206 used in previous published studies of eye movements and memory as well as on our ability to 207 recruit as many participants as possible during the date range for study recruitment which began 208
September 16, 2015 and ended November 22, 2017. In addition, for this study all measures, 209 conditions, and data exclusions are reported herein. 210
211
Experimental Design 212 213
All subjects completed a working memory task, followed by a 10-minute period of quiet awake 214 rest, followed lastly by a test of recognition memory. The study utilized a between-subjects 215 design to manipulate eye movements by performance of two different eye tasks (saccade or 216 fixation) executed either before performance of the working memory task (encoding group) or 217 after the working memory task but before a test of recognition memory (recognition group). 218
There was a total of 65 subjects (M=20.86, SD=3.63, range 18 to 38; 41 females, 24 males) in the 219 encoding group and a total of 46 subjects (M=20.56, SD=4.30, range 18 to 40; 27 females, 19 220 males) in the recognition group. Within these two groups, subjects were assigned to perform 221 either the saccade or fixation task using a pre-determined randomization schedule to minimize 222 experimenter bias. 223
224
Apparatus 225 226
All subjects completed tasks inside a closed room to minimize auditory and visual distractions. 227
Tasks were programmed in SuperLab 5 (Cedrus Corporation). Tasks were displayed on a 28-inch 228 LED monitor with a refresh rate of 60 Hertz and a screen resolution of 1920 by 1080 pixels. fixed load of 5 scene stimuli. A total of 220 pre-experimentally novel scenes were shown across 249 the 40 trials of the working memory task. Each was a 24-bit color image of an outdoor scene sampled from the SUN database (Xiao et al. 2010 ). Scene stimuli were 800 by 600 pixels and 251 were presented at the center of the monitor subtending a visual angle of 16 by 12 degrees. On 252 each trial, five scenes appeared sequentially for 2 sec each, followed by a 6 sec delay period 253
consisting of a white screen with a foveal crosshair, during which subjects were required to keep 254 these scenes in mind, and then a probe scene was displayed for 2 sec (Fig. 1a ). Each trial was 255 separated by 5 sec of black screen. Half (20) of the trials contained a positive probe, which was 256 one of the five scenes presented before the delay period. The other 20 trials contained a negative 257 probe, a new scene not previously shown in the set of scenes presented before the delay period. 258
Positive and negative probe trials were randomly distributed across the set of 40 working 259 memory trials. Upon the presentation of the probe in each working memory trial, subjects were 260 instructed to press a green button on the response pad if the probe scene matched one of the 261 scenes presented in the set of 5 scenes shown before the 6 sec delay period; subjects were 262 instructed to press a red button if the probe scene did not match one of the scenes presented in 263 the set of 5 scenes shown before the delay. For each working memory probe presentation, 264 subjects were required to respond within the 2 seconds that the probe was on the screen. Before 265 performing the working memory task, subjects were given a 5-minute demonstration task with 266 different stimuli (animals) to ensure that they understood task instructions before the actual 267 working memory task began. 268
269
Recognition Memory 270 271
After completing the working memory task, subjects were allowed to disengage from the head 272 restraint and rest quietly in the experiment room for ten minutes. At the end of this ten-minute 273 retention interval, subjects completed a task of recognition memory ( Fig. 1b ) that included a total 274 of 200 scenes. One hundred of these scenes were randomly sampled from the sets of scenes presented before the delay in each of the 40 previous working memory trials. The other 100 276 scenes were completely new scenes sampled randomly from the SUN database. The 100 old and 277 100 new scenes were presented one at a time for 2 sec each in random order as individual trials. 278
For each scene presentation during the recognition test, subjects were required to respond within 279 the 2 seconds that the probe was on the screen. A 2 sec black screen separated each trial. For 280 each trial, subjects were instructed to press the green button on the response pad to indicate that 281 they recognized having previously viewed the scene; subjects were instructed to press the red 282 button to indicate that they did not recognize the scene. 283
284
[insert Figure 1 here] 285 286 287 288
Eye Tasks  289  290 The main experimental manipulation required subjects to perform one of two eye tasks (saccade 291 or fixation) either before the working memory task or before the recognition memory task. The 292 saccade task required subjects to make deliberate repetitive horizontal saccades for 30 sec. Each 293 horizontal saccade was cued by the appearance of a white disc on a black background. The 294 diameter of the white disk was 70 pixels (1.49 degrees of visual angle). Each dot appeared for 295 500 ms and alternated its position between the right and left sides of the screen for a total of 30 296 sec ( Fig. 2a ). The center-to-center distance of the disk as it alternated between the right and left 297 sides of the screen was 1285 pixels (27.3 degrees of visual angle). The fixation task required that 298 subjects fixate a single disc (same size as the white disc in the saccade task) that was stationary 299 at the center of the screen. The disc appeared on a black background for 30 sec and cycled 300 through 6 colors (red, blue, yellow, green, pink, and purple), with each color presented 301 individually for 500 ms (Fig. 2b) . To keep subjects' attention on the different eye tasks, subjects were instructed to count covertly the number of times the disc alternated positions between the 303 left and right screen positions; during the fixation task, subjects were instructed to count covertly 304 the number of times the disc changed colors. (Oldfield 1971) . Highly variable usage of modified versions of the original EHI are prominent in 317 the scientific literature, which may imperil efforts to produce replicable and convergent findings 318 . Therefore, it is important to explain and scientifically justify differences in 319 any revision and note differences with the inventory used in many other labs (Lyle et al. 2008b) . 320
Compared to the original EHI, the EHI-R discards three items ("broom", "opening box", and 321 "drawing") and adds a new one -"computer mouse" -making the total number of items eight. It 322 also uses the Likert format in an attempt to simplify the confusing instructions of the original 323 EHI. The items "opening box" and "broom" are removed based on statistical evidence including 324 factor analytic studies (Dragovic 2004; Williams 1986 ) that find a single Handedness factor 325 whose loadings on it of these two activities are low outliers. "Drawing" is removed because it 326 could be used as a substitute for writing since drawing and writing are very highly (about 0.9) 327 correlated and the inclusion of both adds little new information. The addition of "computer 328 mouse" is based on a suggestion by Dragovic (Dragovic 2004) . The use of a computer mouse is one major unimanual activity in today's world that was not widespread forty years ago when the 330 EHI was developed. Additionally, the EHI-R has been used in several recent studies (Eriksen et subject to indicate which hand they use to complete various everyday activities (e.g., striking a 333 match, using a computer mouse). Participants indicated their handedness preference for each 334 item by checking off one of the following response options (with corresponding point values): 335 "always right" (50) "usually right" (25), "no preference" (0), "usually left" (-25), and "always 336 left (-50). The LQ was calculated by tallying the point values for all eight items and dividing the 337 total score by four, resulting in LQ scores that ranged from +100 (right handed) to -100 (left 338 handed). 339
The next step in the analysis was to compute for each subject performance expressed as 340 overall percentage correct and sensitivity as d-prime for the 40 trials of the working memory task 341 and separately for the 200 trials of the recognition memory task. The d-prime sensitivity measure 342 from signal detection theory accounts for effects of response bias (Stanislaw & Todorov 1999) . 343
The proportions of total hits and false alarms were first calculated for each subject and each task. 344 A hit was counted when a previously presented stimulus (i.e., a positive probe in the working 345 memory task) was signaled by the subject pressing a button indicating, correctly, that the 346 stimulus had been previously seen (an old stimulus correctly classified as old). A false alarm was 347 counted when a (new) stimulus not previously presented (i.e., a negative probe in the working 348 memory task) was indicated by the subject pressing a button indicating, incorrectly, that the 349 stimulus had been previously presented (a new stimulus incorrectly classified as an old stimulus). The subjects who performed fixation and saccades after the working memory task serve 397 as a control group, as one would expect no influence of these eye tasks on working memory 398 performance if they occur after the working memory task. Consistent with this prediction, when 399 fixation occurred after the working memory task, working memory percent correct accuracy 400 Humans have a remarkable ability to remember a large number of scenes and other complex 544 visual stimuli even when given only a short period of time to encode them (Brown & Scott 1971; 545 Shepard 1967; Standing 1973; Standing et al. 1970 ). Scene memory is also an important 546 component of episodic autobiographical memory. Normal as well as disordered reminiscence 547 often includes vivid mental recollection of scenes where past events took place (Brewin 2014; 548 Burgess et al. 2002 ). In addition, recognition of a previously encountered scene in, for example 549 an old photograph, is often quick, highly accurate, and can trigger episodic memory retrieval. 550 Therefore, it is important to understand how scene memory is influenced by multifactorial traits like handedness and by simple behavioral manipulations (e.g., bilateral saccades) shown 552 previously to influence episodic memory retrieval. 553
The present study was conducted to understand how both short-and long-term scene 554 memory is modulated by handedness and by bilateral horizontal saccades made before scene 555 encoding and recognition. Previous studies have shown that strongly right-handed and 556 consistently-handed benefit most from bilateral saccades (Chu et mostly verbal aspects of explicit or episodic memory retrieval and had subjects make the 559 saccades after encoding and before retrieval. The two novel aspects of the present study include, 560 first, the focus on visual scene memory and, second, having different groups of subjects make 561 saccades before encoding as well as before recognition. 562
There are two main findings of the present study. First, when saccades were made before 563 encoding scenes in working memory, performance as measured by regression slopes relating 564 overall percent correct with direction of handedness increased significantly positively (Fig 3a) 565 with right-handers (+LQ) performing better than left-handers (-LQ). Regression slopes exhibited 566 the same trend of increasing magnitude when a d-prime measure of sensitivity was related to raw 567 LQ scores (Fig 3b) , but there was no significant relationship suggesting some effects of response 568 bias may have been present in the subjects when a measure of overall percent correct accuracy 569 was used. Regression slopes were mostly positive when percent correct and d-prime were 570 regressed against absolute LQ, a measure of degree or consistency of handedness, but these tests 571 also did not reach significance. Performance also did not correlate significantly as a function of 572 direction of handedness when either the saccade or fixation condition came after the scene 573 working memory task.
The second main result was that there was no apparent benefit of direction or degree of 575 handedness on making saccades before scene recognition. Recognition performance in the group 576 of subjects who made saccades after working memory and before recognition increased non-577 significantly as a function of both direction and degree of handedness. Recognition performance 578 as measured by both overall percent correct and d-prime in the group of subjects who fixated 579 after working memory and before recognition did increase significantly as a function of direction 580 of handedness, with better performance as LQ increased indicating an advantage for right-581 handed subjects. The relationships between recognition performance and degree of handedness 582 in those who fixated after working memory and before recognition were non-significantly 583 positive. Finally, the subjects who made saccades before the working memory task performed 584 the poorest during a subsequent test of recognition memory suggesting a link between poor 585 encoding in working memory and poor subsequent long-term recognition memory. 586
Why would making saccades before encoding scenes in working memory result in better 587 performance for strongly right-handed (+LQ) but not necessarily for consistent-handed 588 individuals? There is some neuroimaging evidence suggesting that form-specific perceptual 589 aspects of scene encoding may be right lateralized in the brain (Brewer et al. 1998 with worse performance. However, a tentative explanation is that strongly right-handed individuals may have an advantage over mixed-and left-handers in controlling spatial attention 598 for scene encoding and memory. Right handers perform better than either mixed or left handers 599 on tasks requiring reproduction from memory of some aspects of geometric visual material, 600 while left and mixed handers do not differ from one another (Nebes & Briggs 1974) . A 601 hemispheric advantage for directing spatial attention could protect these right-handers from 602 potentially destabilizing effects of repetitive saccades on visuospatial attention processes needed 603 to encode the perceptual aspects of scenes. While saccades may be beneficial to 604 mixed/inconsistent-handers before the retrieval of explicit episodic memories by improving 605 attentional control -a form of top-down inward control -they may be detrimental to control of 606 visuospatial attention directed outward to maintain a stable reference frame for encoding details 607 of complex visual information contained in scenes. Fitting with this idea, there is evidence for 608 hemispheric specialization at early levels of visual analysis to the right for processing low spatial 609 frequencies and to the left for processing high spatial frequencies, with supplementary activation 610 of right inferior parietal lobule reflecting attentional modulation (Peyrin et al. 2004) . 2008). In the present study, when bilateral saccades were made before scene recognition but not 614 before scene working memory, we found a small but not statistically significant increase in 615 performance relative to simple fixation. Performance was best for consistent right-handers, 616 which includes those who have an LQ near +100 in Fig 3 and perform most actions consistently with either their right or their left hand. If this pattern was that is much different from the novel scene stimuli used in the present study. However, it is also 644 worth noting that the beneficial effects of saccades do not manifest in implicit memory tasks 645 even when those tasks involve words. Christman et al. (Christman et al. 2003 ) had participants 646 study a short word list and then tested them on a word-stem completion task, consisting of an 647 equal mix of new and previously seen words. The findings showed that none of the eye 648 movement conditions enhanced word fragment completion performance compared to the fixation 649 condition. This was interpreted to indicate that saccades do not enhance implicit forms of 650 memory that are likely reflective of intra-hemispheric activity (Christman et al. 2003) . 651
One recent study of saccade related enhancement is notable for its use of visual-spatial 652 stimuli and an exploration of whether effects could be obtained when eye movements were made 653 before encoding. Brunye et al. (Brunye et al. 2009 ) used an encoding task that lasted a total of 654 only 120 seconds and comprised a small number of just four stimuli, all aerial maps that were 655 acquired from satellite pictures. The authors found increased recognition sensitivity and 656 decreased response times with effects only seen when eye movements preceded episodic 657 memory retrieval, but not when they preceded encoding. The effects were strongest for strongly 658 right-handed individuals. On the basis of the HERA model (Nyberg et al. 1996) , Brunye et al 659 theorized that eye movements would not benefit encoding due to unilateral activity, but would be 660 beneficial with recognition tests demanding a high degree of right and left-hemisphere activity. 661
The present study has some limitations. The working memory task utilized a relatively 662 high load of 5 scene stimuli per trial and required a large number of scenes to be memorized and 663 later discriminated in the recognition test. The 200-trial recognition test took over thirteen 664 minutes to complete and it is possible that if there were any beneficial effects of preceding eye 665 movements they may have reduced across the lengthy time interval taken for subjects to complete the task. This increased the overall difficulty of the memory tasks with performance 667 during the working memory task nowhere near ceiling. Prior studies involving saccade 668 manipulation have used relatively smaller numbers of items for encoding and have frequently 669 required participants to view stimuli passively during learning, rather than engage them in 670 working memory. Both the limited number of items and the nature of the encoding tasks used in 671 previous research require a lower degree of cognitive processing compared to the high-load 672 working memory and recognition tasks used here. Both tasks far exceeded the numbers of 673 stimuli used in prior studies and could have potentially decreased overall encoding and 674 consolidation into long-term memory given the short 10-minute interval separating working 675 memory and recognition testing. For the eye tasks, the requirement for subjects to count disc 676 alternations and color changes was to ensure subjects performed the tasks. However, an 677 important difference to acknowledge is that counting has not commonly been used in previous 678 studies of saccade effects on memory. While our sample included 111 participants, there was an 679 unequal sample of strongly left-handed compared to strongly-right handed subjects making the 680 degree of handedness (i.e., consistency comparisons) weighted unequally with strongly-right 681 handed subjects. Finally, the study design relied on between-subjects manipulation of conditions, 682 which tends to increase variance and decrease statistical power relative to a within-subject 683 design. 684
685
Conclusion 686 687
We found evidence that performance of repetitive horizontal saccades before scene working and 688 recognition memory affects performance differently depending on the direction but not degree of 689 handedness. Making repetitive saccades before encoding scenes in working memory has 690 detrimental effects on both short-and long-term memory, with the most pronounced effects for those who are not strongly right-handed. Moreover, saccade execution before scene recognition 692 does not appear to benefit recognition accuracy appreciably. Making repetitive saccades before 693 scene encoding may be detrimental because the eye movements destabilize subsequent 694 visuospatial processing. If working and long-term memory systems interact, then scenes that are 695 poorly encoded initially will not transfer to long-term memory. Right handers may have an 696 advantage in dealing with such disruption due to more lateralized mechanisms for scene 697 processing. These tentative explanations require confirmation by future experiments combining 698 both behavior and brain measurements. 699
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The authors thank Iffat Noor and Chelsea Reichert for assistance with data collection. 702 trial (a) consisted of an encoding phase of five scene stimuli, each presented for 2 sec, followed by a 6 sec delay period of crosshair fixation and a 2 sec presentation of either a positive probe 721 (scene from the encoding set) or a negative probe (new scene). On each trial, there was a 50% 722 chance of a positive probe appearing. Each recognition memory trial (b) consisted of alternating 723 presentation of a scene stimuli for 2 sec followed by a black screen for 2 sec. Old and new scenes 724 were randomly intermixed. Subjects were instructed to press a green button if they had seen a 725 stimulus in any of the previous working memory trials and a red button if they had never seen the 726 stimulus before. 727 Timing. There was a significant relationship in working memory percent correct performance as 738 a function of direction of laterality when saccades were made before the working memory task 739 (non-zero slope of 0.1029 ± 0.04365 SE, F (1,30) = 5.56, p=0.0251, red line and red triangles, panel 740 a). Overall mean performance among conditions differed (non-zero intercepts, F (3,106) =6.164, 741 p=0.0007) with lowest working memory percent correct performance obtained when saccades 742 were made before the working memory task (77.79% ± 3.84, 95% C.I.: 69.95 to 85.64%) and best performance when saccades were made after the working memory task (93.28% ± 1. 844 
